The interference rejection performance of a spread spectrum
AWGN, thus the received signal is:
(1) (t) n I(t) t) cos UWPT exciser: This is based on the application of frequency shifts to the signal in order to place the interference inside of one of the pass-band filters. Since the intervals in the UWPT expansion become smaller as resolution increases (Fig. 2b) , the algorithm will begin with the highest resolution level to reduce the number of possible frequency shifts. Due to the fact that the transition and the pass-band intervals in successive resolution levels are aligned (see Fig. 2b ), once the optimum frequency shift is obtained at the highest resolution level, the interference will remain centred at the other levels just by shifting either 0 or B j /2, where B j is the bandwidth of subbands at level j.
Therefore, there is no longer any need to try with all possible frequency shifts.
The following is a description of the UWPT exciser. Let J be the highest resolution 
where H 0 (z), H 1 (z) are the 2-band prototype analysis filters.
3. Finally, the energy difference between both subbands is calculated: Finally, when level "1" is met, the X 0 vector, which concentrates the interference, is removed. At this step, the synthesis process begins using the saved vectors, from resolution level "1" until "J". At each level, the frequency shift is undone to restore the interference-free original signal.
Results:
The DS/BPSK system described above (Fig. 1) was simulated. Both the UWPT and TSA excisers were implemented in order to compare their performances. Two types of narrowband interferences were considered: a single tone and a narrowband Gaussian interference with 10% bandwidth. In both cases we assumed a signal-to-interference power ratio of -20 dB and a spreading factor of K=63 chips per bit were selected. Fig. 3a displays the bit error rate (BER) performance for a single tone interference with frequency ω=0.587π radians and uniformly distributed random phase. The UWPT curve shows nearly optimal performance and it is slightly better than the TSA results due to the limitations of TSA with the interferences closed to the transition zones. Fig. 3b shows the results for a narrowband Gaussian interference affecting 10% of the spread signal bandwidth and centred around two frequencies: ω 1 =0.06π radians and ω 2 =0.527π radians. The latter is also illustrated in Fig 2. The UWPT exciser obtains the same performance for both frequencies while the TSA results vary with the frequency. For the ω 1 case (0.06π) the results are the same for both methods. While, for the ω 2 case (0.527π) the result of UWPT method is the same but the result of TSA method is of little value due again to the limitation of this method in the transition zones.
Thus, the UWPT algorithm obtains results similar to the TSA algorithm and the performance is constant with the interference frequency location. 
Conclusions

